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Foreword

Witk today's cuphasis on decreasing the ratio of support troops %o combat
troops, prepared or partially prepared foods play & major part in the food
supply of the Armed Forces.

Bake*y mixes have long been & problem since the relatively short shelf
life of commercial mixes {1 year or less) is not adequate for mili¥ary purposes.
The reguirement for an hermetically semled container for oversess use created
an &dditional problem im thet it 4id not provide for prematurely reieased
leavening gasses to0 escape from the contalner as is the case with the commer-
cial peckagz. This premature release is compensated for in commsrciasl packages
by & 10 percent over-leavening which, after normal storage, is reduced to
about 9Q perecent of the optimum. Leaverning is still adequate to produce &
good guality item.

Thes study was initiated to explore meens of providing geod quality,
stable bakery aixes for use by the Armed Forces. After much experimentation
the most practical system was found 0 be to sepavrate vhe sode from the rest
of the mix by the wse of & flexible, moisture ypreof package. Thie expediency
not only solved the problem of premature escape of leavening gass but it
provides a means for a simple sltitude baking sdjustment which mixes designed
for weorld wide use shouid have.

In addition; the seid salt in contact with the cother mix ingredients
seems to perform & henefivial effecy during storage resulting in extre;rely
Stable textural charscteristies.

Speciftic formilations weie developed for all of the bekery mixes included
in Federal Specificablon H-B-35 so that uniform quality from ome supplier to
another cen easily be maintained, Models for ihe dévelopment of the fornmlae

were revail mixes of msjor coammercisl msnufecturers. The projzct bas 1
assured the availability to the services of 2 wide variety of stable bcker,y
mives of high guality.
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Abstract

Ir order o prolong the shelf life of a prepared bakery mix a leavening
system was desired whicn would prevent the premeture escape of carbon dioxade
dve to interaction with moisture in the product during prolonged high tempera-
ture storage.

A variety of methods was tried which would provide a barrier between the
sodium bicarbonate and the leavening acid, sodium aluminum phosphate, and
available moisture in the mix. These included encapsulating the sodium
bicarbonate particles with hydrophobic materiasls such as hydrogenated vege-
table or animel oils. The shortening protected sodium bicarbonate method
waz developed into & two layered bakery mix, separating the sodium bicar-
bonate from the meistwre containing ingredients of the mix. FPhysical separa-
tion of the sodium bicarbonete was also investigated by packaging the sodium
bicarbonate in a moisture proof pouch from which it could be mixed with the
repaining ingredients at the time of beking.

It was found thet both the physically separated and the shortening-
protected sodium bicarbonate in a layered mix wethod were successful in
preventing the prematiure escape of carvon dioxide.

The work was performed under project T28012.12, Production Engineering.
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Introduction

One of the factors leading to the breskdcwn of prepered bakery mixes
is the premature formation of carbon dioxide dwe to interaction of the
leavening system and availeble moisture in the product (1,2). This study
was ‘undertaken to prolong the shelf-life by preventing the premature for-
mation of cerbon dioxide. Most commercial cake mixes are packaged in peper
containers or in materials permeable to carbon dioxide gas. This allows:
for the escape of carbon dloxide evolved in storage. These mixes are
formulated with about a 10% excess of leavening with the knowledge that as
time progresses this excess will be dissipated. Since & leavening variation
of + 10% from the optimum does not materislly affect the product performance,
this procedure has led to moderate success under commercial conditions of
storage. High temperatures, high humidity or long storage times, however,
often act to reduce the activity of the leavening to less then 90% of the
optimam with the resultant loss of baking performance and quality.

The Federal specification for cake mixes, N-B-35, required some mixes
to be hermetically sealed in cans which led to excessive interns) pressure
causing the cans either to explode or to develop minor pinholes through
which the gases escape. . '
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Experimental) Methods

In order to prevent the premmture escape of carbon dloxide, 1t was
necessary to eliminate the interaction between the sodium bicarbopate
and sodium aluminpum phosphate of the leavening system by causing the sodium
bicarbonate to be insccessidle to the available moisture in the product.
This was sppronched by three methods: encapsulation, protective coating
within a layered bakery mix, and physical iealaticn of the sodium bicarborate.

1. To determine the efficiency of encapsulation, sodium bicarbonate
samples were obtained which were coated vith the following hydrophobie
substances:

a. Non-emulsified hydrogenated vegetable oil with a Wiley melting
point of 110 to 117° P. 'The hydrogenated oil and sodiwa bicerbonate were
blended to obtain a composition of 5.3% sodium bicarbonate.

b. Hydrogensted animel and vegetable olls with added mono and
diglycerides snd propylene glvcol monoesters (P(ME). The rono and FGME
contents were 5.0 ~ 6.0% and 8.0 - 8.5% respectively. ¥iley melting point
vas approximately S8 to 105° F. The waterials were blended to obtain &
sodium bicarbonate content of 5.3%.

c. Agqueous sclution of Methocel 60 HG, 50 CPS, hydroxypropyl
methyl cellulose. The coating procedure wes performed at the Wisconsin
Alvwmni Research Foundation uwtilizing Wurster spray drying equipment. The
operating conditions of the equipment and the ccating application rates
were as Tollows:

Inlet Temperature 180 - 200° F.
Outlet Temperature 75 - 80° F.
Atomizing Air Lo pei
Rate of Coating Application 20 ml/min

The coating process was continued ss long &3 possible before agglomeration
of the particles occurred, resulting in a maximum of 8-10% coating by
weight.

d. Ethyl alcohol-water solution of Methocel 60 HG applied under
the same conditions as described in {c).

A geries of white cake mixes using the above treatments plus a con-
trol mix (e) with sodium bicarbonate packaged separately in a moisture
proof pouch, were made according to Table I. The sugar, surfactants,
shortening and coated sodium bicarbonate were crsamed together until
homogenous. For treatments (a) and {b) tke hydrogenated oil costing on
the sodium bicarbonate was considered to %= the shortening for the mix.
The remaining dvy ingredients were blended with the creamed mixture on a
Triumph mixer. The mix was hermetically s»+led in number 10 cans (4 lbs.
12 oz/can)and stored at 40° F. and 100° F. Upon periodic withdrawals,




pressure was measured with a Jas. P. Marsh vacuum-pressure gauge, Positive
pressure indicated a loss in leavening power. Specific volume, measured by
rape seed displacement, and gualiby scores were determined on the finished
cakes. The cake scoring card and instructions. for rating are shown in
Figures I and II.

The following fproc:ed.ure was used to reeonst:.tute the cake mixes for
evaluation;

a. 19 oz. of water; TO° F,, was added to 4 1bs, 12 oz. dry cake
mix and mixed for one minute on low speed on a Hobart mixer.

b. The bowl and beater were scraped down and ‘the mixture was
gtirred for two minutes on medium speed.

c. 19 oz. of water, T0° F,, was added to the mixture and mixed
for one minute on low speedu

d. The bowl and beater were scraped apd the mixture was stirred
for two minwtes on medium speed.

One pound of the cake batter was scaled into an eight inch diameter cake
pan and baked at 350° F. for 30 minutes. After beking, the cakes were
cooled for twe hours in the pan before Spec:!.fic volumes and ce.ke quali'ty
scores were determined.a

2. The second me‘thod, protec‘tive coating Wi‘bhin a layered bakery mix,
involved creaming the sodium bicarbonete particles with the non-moisture
eontaining ingrediemts of the mix, namely the sugar and as much shortening
as would allow this phase to be bandled easily. In a separate. phase; the
leavening acid, sodium aluminum phosphate, was combined with the remaining
ingredients and dry blended in e Triumph mixer. These two phases were
hermetically sealed in mumber 10 cans (5 lbs/can) as two distinct layers
aceording to the formule in Table II and stored at 100° F. with a control
mix of the same formula in which all of the ingredients were combined c¢on-
ventionally. Upon periodiec withdraewals pressure generation was measured to
indicate a logs in 1eaven;ing POWET

3. The third ccmcept, physical 1sola‘tion of the sodium bicarbonate,
was developed into the method of separa‘bely packaging the leavening in a
moisture proof pouch. After cpening the can; the pouch is opened and its
contents cowbined with the mix prior to the introduction of water. The
following treatments were evaluated:

8. Control. Sodiwm bicarbonate plus sodium aluminum phosphate
ineorporated directly int,o the dry mix. -

b. Sodiwm alumimm:. phaspha‘be incorporateﬂ. :Ln‘to the dry m:lx,, sodium
bicarbonate in pouch.
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¢. Sodium bicarbomate incorporated into the dry mix; sodium
aluminum phosphate in pouch.

d. Sodium bicarbonste plus sodium aluminum phosphate in pouch.

The white cake formule shown in Table IIX was used for the shove study.
The sugar, shortening, and surfactants were creamed together until homogenous.
The remeining dry ingredients were blended with the creamed mixture on a
Triumph mixer. The leavening chemicals for the various treatments were
packaged separately in mcisture proof pouches comprized of a laminate of 3
mil polyethylene, 0.35 mil aluminum foil, and 0.5 wil Mylar, and placed on
the surface of the mix in number 10 cans {5 lbs/can) which were subsequently
hermetically sealed. The cans were stored at 40° F. and 100° F. and examined
yveriodically for pressure generation to indicate & locss in leavening power.




e Teble I ~ White Cake Formula for Encapsulation

E§ Method of Lesvening Separation

ﬁ‘.' Sugar 43.00%
Cake tlour 51,40
Shorsening 9.50
Nonfat dry milk 2.00
Driszd egg albumen 1.50

Sald Q.75

% S T
; [
o n ks ST L 155
Cl 754 ,:,Wﬂ-u"—'i!-!:’..,,; ody IR

Sodium aluminivm phosphate 0.50
3 Soda 0.50

¥ Monoglycerides 0.ko

#* Sodium stearoyl-2-lactylate 0.k0

Monocalcium phosphate 0.05

Total 100.00%

* These emulsifiers were omitted in sample B, since the shortening used to
A coat the soda contained emulsiflers,
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Figure I - CAKE SCORING IMSTRUCTIONS

FLAVOR: Grede A . . . . . . Desirable, full, well balanced,
delicate flavor attributed to the
: product
e Grade B o o ¢ o o o Free frm off flaVOr
Substandard*. . . . Off flavor (too sweet, stale, too strong)

Tg nIPRL
RS 2o

G

3 VOLUME Taken by rape szed disylacement'a hours after finished
cake is removed from the oven

CRUMB TEXTURE: Grade A . . . . . . Velvety, tender, but not crumbly
Grade B . . . . . . Not crimbly nor excessively tough
Substandard*. . . . Crumbly or tough

CGRAIN Grade A . . . . » . Even, round, small air cells, thin
cell wall
Crade B . « ¢« « « o No large air holes
4 Substenderd*. . . . Uneven air cells, large alr holes

3 MOISTNESS: Grede A . . . . . . Moist, light, good mouthfeel
Grade B. . . . . . Not dry or pasty
Substandsrd*. . . . Dry, soggy, or heavy

1 CRUST COLOR: Grade A . .+ . . . Golden brown, not spotted

a Grede B. . « . . . Slightly lighter or darker than -
golden orown

Substandard . . . « Off culor

SHAPE: Grade A . . Even, rounded top
Greade B . . Slightly flat top
5 Substendard Depressed or peaked top

4 CRUST SURFACE: Grade A . . . . . . Bver, smooth, no crscks
3 Grade B . . « « « . Slight cracks or bubbles
- Subatandard . . . . Jeagged peaks, crscks, or large bubbles

e CRUST TEXTURE: Grede A . . . . . » No evidence of being sticky or brittle
ke Grade B. . . . . . Slightly sticky or brittls
9 Substandard . . « . Grainy, sticky, or trittle

[ FINAL GRADING: Grade A . . « . . . 93-100 points
S Grade Bo oo oo 83”% pOints
Substandard . . . . Below {3 points

o
.
<
»

* Limiting Rule




Figure II - CAKD SCORE SEEET

Dete: Experiment Code §: Cake Type:

L S S T L R e e

ATTRIBUTE MAXYMM SCORE GRADING SCORE GRADE

Flevoer 20 points 2019 ¢ « + « . 4. A
18‘1700a100003
Below 1T. . . . Substandards

Volume 15 points 320« 4 4 W15 0 0 L A
3»00“‘30190 'lih, e e+ B
2 . %“2 4 %& 01 3 Substwd&rd*
2.89-2.80. .12 "
2.79‘2‘7700 ell "
2069"20600 .10 "

Crunb Texture 15 points 1514 ¢ . o . v e s o A
130 L] L] * L ] . * ® . e B
Belcw 130 e o o« Substandards*
Grﬂin ls POinta ls’lh s ¢ o o * ¢ e o A

130 . * L] L ] @ L] © © o B
Below 13. . . . Substandard®

» Noistness 15 points 15«1% ¢ o o 0 e 5 o oA
l3ocaoccoc¢cB_
Below 13. « ¢ . Substandard¥

cruStCOlor ﬁpOintB 50;¢0000000A
gconooococB

Below &4 . . . . Substandard

Shape 5 points 5 e ¢ 00 ¢ 0600« A
Below b . . . . Substandard

Crust Surface 5 points 5 o o ¢ o600 o4 d
OOIDOOOQBOB

Below « . o o o Substapdsrd

Crust Texture 5 points De s o o000 oA
uQOOOOOOOOOB
Below 4 . . . . Substandard

(* Limiting Rule) Total SCOre o« « « 5 « s o «
Final Grme L) L] & © L] L) * *
7
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Peble II - White Coke Pormula for layersd Mix Method

of Leavening Separation

Sugar 92.hT3%
Shortening 6.h52
Sode 1,075
Total Fhase I 100,000
Cake flour 77.383%
Shortening 12.149
Non fat dry milk 3.738
Dried egg albumen 2,804
Salt 1.k02
Sodium aluminum phosphate 0.935
Emulsifier 0. 748
Sodiur stearcyl-2-lactylate 0.Th7
Coated momocalcium phosphate 0. 09k
Total Phase II 1.00.000%
¥ill of conteiner:

Phase I 46.50%

Phase 11 23-50
Total Phase I and Phase IX 100.00%




Teble IIT - White Cake Formuis for Physical Separation
of Leavening through the Use of a Moisture

Proof Pouch
Sugar 45, 04¥
Cake flour 38.20
Shortening 9.96
Noufat dvy milk 1.4k
Sodfum aluminum phosphate 0.79
Dried egg albumen 0.74
Sodium bicarbonate 0.74
Salt 0.74
Sorbitan monostearate C.ko
‘Hard mono and diglycerides 0.30
Flastic mono and diglycerides 0.30
Coated monocaleium phosphate 0.15
ljgémeMene gorbitan monostearate 0.20
Total 100.00%
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Results and Discussion

Encapsulation of the soiium bicarbonate with verious hydrophobic agents
was unsuccessful in preventing premature carbon dioxide release (Table IV).
Cake mixvs conteining sodium bicarbonate treated with both types of hydro-
gensted oils and the two types of methyl cellulose had entered advanced stages
of carbon dioxide production (9-10 PSIG) by 3 months storage at 100° F. This
loss in leavening power was reflected in the Lfinished cakes from these mixes
which had specific volumes below the specificstion minimum of 3.00 and sub-
stendard cake quality scores (Tables V and VI).

However, the control mixes provided with a separate pouch of sodium
bicgrbonate showed no pressure gemeration even aftdr 12 months storage at
100 F. The finished cakes had a specific volume well above the minimum
3.00 and the quality scores were significantly higher than those received by
cakes prepared from the treatment mixes.

Up to 12 months storage at 100° F., the layered mix method of protecting
th2 sodium bicarbonate was successful in preventing the release of carbon
dloxide as showa in Table VII. A% ibis time, no pressure was generated in
the test cans, while the control had an internal pressure of 6,8 PSIG. Cakes
produced from test cans were of good eating quality with fine grain and
texture and good specific volume.

As ceen in Teble VIII, the ceke mixes packed with leavening pouches of
varying ccmponents and stored st 100° P. for onme year showed evidence of
released carbon dioxide if the sodium bicapbonate was not separated from the
mix ingredients. Under these conditions the control, treatment A, with both
the sodium bicarbonate and sodiwa aluminum phosphate directly in the mix,
showed the greatest amount of carbon dioxide generation, 1k.5 lbs. Treatment
C with the leavening acid packaged in a separate pouch, and treatment D with
both the sodiwm bicarbonate and leavening acid packaged in a separate pouch
showed pressure generation of 8 lbs. and 8.5 1bs. respectively. However,
those cans with the sodium bicarbonate pac d in a separate pouch showed
no carbon dioxide producticn after being stored one year at 100° F.

10
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Teble IV - Pressure (sneration Using Encapsulated Sodium
Bicarbonmte

Treatments:

Ron emulsified hydrogenated oil coating.

A.

B.

Emulsified hydrogenated oil coeting.

Aqueous methocel coating.

c.

¥TI0H -~ aqueocus methocel coating.

D.

Sodium bicarbonate in a moisture proof pouch.

Control.,

K.

Treatment

time
4o° .

Stor

a3

ol

131

2]

<t

ml

=1}

of

mi

<

100° 7.

0 mos.

M0 9&
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Table V - Specific Volumes of Cakes Baked from Mixes
Using Encapsulated Sodium Bicaxbonate

Treatments:
A. Non emmlsified hydrogenated cil coating.
B. Emulsified hydrogenated oil coating.
C. Aqusaous methocel coating.
D. ETOH~ aqueous methocel cosating.
E. Control. Sodium bicarbonate in a moisture proof pouch.
Storage time Treatment
ko® F. A B ¢ ]
0 mos. 2.84 3.00 2.98 2.63
3 2.82 3.32 3.32 3.06
6 3.69 L.01 L.k k.07
9 3'38 3-77 30'T2 30614'
12 2.62 3.30 2.80 2.87
1c0° F, A B c D
0 mos, 2.84 3.00 2.98 2.63
3 2.ho 2.76 2.54 2.47
6 2.63 3.23 2.23 2.25
9 2.1h 2.87 2,01 1.9%
12 1.60 2,00 1.65 1.h0

=

o
ok Sl S Ve
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Table VI -~ Quality Scores of Cakes Baked from Mixes
Using Encapsulated Sodium Bicarbonate

Treatments:
A. Nou emulsified hydrogenated oil coeting.
B. Emlsified hydrogenated oil coating.
C. Aqueous methocel coating.
D. PEIOH ~ aqueous methocel ccating.
E. Control. Sodium bicarbonate in a moisture proof pouch.
Storage time Treatwment
4O ¥, A B ¢ D
3 95 97 ok 95
6 8l 9% 93 95
9 9% G 95 95
12 86 99 97 9l
100° F. A B ¢ D
0 mos. 92 o 90
3 19 78 85 79
6 6k 9l 54 59
9 TL 9 ™ 69
2 55 55 45 45

b BELIBE 1w
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Table VII - Pressure Generation Using Lsyered Mix Method
of Leavening Separation

g Storage Time Control Treatment
3 100~ PF.

0 mos. 0.0 0.0 PSIG

sl gty

3 5.0 0.0
6.5 0.0

o e g
g T e v

6
9 T.0 0.0
12 6.8 0.0

Y
poier et b

3 ik
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Table VIII -~ Pressure Generation Using the Moisture
Proof Pouch Method of Leavening Sepawration

Trestments:

A. Contr.i. Sodium aluminum phospbate and sodium vicarbonate in mix.

B. Sodium bicarbonate in separste packet.

€. Sodium aluminum phosphate in separste packet.

D. Sodium aluminum phosphate and sodium bicerborate in separate packet.

Storage Time

ho® P. A B
C moe. 0.0 0.0
1 0.0 0.0
2 0.0 0.0
3 0.0 0.0

12 0.5 0.0

1co° ¥, & B
0 mos. 0.0 0.0
1 0.5 0.0
2 6.0 0.5.
_3 8.5’ 0.5

12 1.1».57 0.0

¢.0 PSIG

-6,0%

8.5%

*¥

8.5%

% Pregsure build up in can was due to gas production in pouch which was severe
enough to rupture side seam or eccape through & pinhole.

% Results not available,
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Conclusion

A stable leavening system for bakery mixes capable of withstanding long
tern storage at elevated temperatures can be achieved by either of two
methods, The sodium bicarbonate portion of the lesvening can be incorporated
with the sugar and part of the shortening content of the mix. The remaining
ingredients of the mix, including the acid portion of the leavening system,
can be dry blended into & separate second phaze. These two phases can then
be packaged as individusl layers in & single container.

Alternatively, the sodium bicarbonate can be packaged separately in
a moisture proof pouch to be placed on top of the other ingredients of the
mix in its uwltimate container. Before the introduction of water into the
mix, the sodium bicarbonate packet is ¢pened, end its contents dry blended
with the other ingredients of the bakery mix. The advantage of this method
is that the amount of sodium bicarbonate added to the mix cap be reduced
for high altitude baking. The current specification for cake mixes {N-B-35)
reflects this system and product procured has heen performing very success-
fully.
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